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1. Introduction

Product and service pricing is one of the oldest
(and still very important) tools of the marketing
executive. Each day business firms face questions
like the following:

1. Competitor X has just increased its price-

by five percent. Should we match it, or stand pat?

2. How should we price our new product,
which offers several technical advantages over
current offerings?

3. How should we set prices among competing
items in our current product line?

Answers to these questions are hard to find for
at least two reasons. First, given a set of existing
prices and market shares for products in a com-
peting product class, it is often difficult to predict
new shares accurately if one or more prices were

* The authors would like to acknowledge the support of the
Marketing Science Institute and the Wharton Schooi's Sol
C. Snider Entrepreneurial Center.

to change. -Second, it is difficult to predict how
competitors will react to others’ price changes.

‘Marketing researchers have dealt with the first
question by proposing several new marketing re-
search methods that show promise for augment-
ing information obtained from older approaches.
Historically, the measurement of price-demand
relationships has relied on statistical methods ap-
plied to either cross-sectional or time series data
(e.g., Wittink, 1977). However, newer approaches,
such as those based on laboratory studies (Pes-
semier, 1960), instore experiments (Doyle and
Gidengil, 1977), test market simulation (Silk and
Urban, 1978), and willingness-to-pay surveys
(Monroe and Della Bitta, 1978) have received
increased attention and, in some cases, commer-
cial application.

Even more recently, conjoint-based methods
(Mahajan, Green, and Goldberg, 1982; Louviere
and Woodworth, 1983; Wyner, Benedetti, and
Trapp, 1984) have considered explicitly designed
competitive product profile descriptions. Respon-
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dents either pick their preferred choice from the
set of alternatives, indicate their likelihood of
choosing each option, or state their preferences
for alternative allocations of a common resource
across products or activities competing for that
resource (Carroll, Green, and DeSarbo, 1979).

A prototypical procedure entailing tradeoff
techniques is that proposed by Mahajan. Green.
and Goldberg (MGG). Their survey data collec-
tion approach is a modification of one originally
proposed by Jones (1975). Respondents are shown
profile descriptions of P products. each with an
associated brand name and price. Profiles are
designed according to fractional factorials in
which attributes and levels are idiosyncratic to
each brand. Respondents allocate a constant sum
(typically 100 points) across each stimulus option
indicating the likelihood that they would choose
each option, given the stated prices for each
alternative. MGG employ a conditional logit
model (Theil. 1969) to estimate parameter values
that satisfy the following sum and range con-
straints:

1. The estimated probability of choosing some
p-th brand ranges between zero and one.

2. The sum of the choice probabilities across
all P brands (including an all-other-brands cate-
gory, if appropriate) equals unity.

While MGG discuss how their approach might
be used in actual business situations, they also
add that their experience with applying the model
to real-world problems is quite limited. ‘

L1 Inputs from the business world

As we mulled over the idea of adapting some
of the conjoint methodology to the measurement
and strategy issues related to optimal pricing, we
sought the advice of several commercial market-
ing research firms. Gradually, a pattern emerged
regarding their views about what managers would
like to see in a price /demand model:

1. The approach should be able to utilize sur-
vey methods, similar to the kinds of buyer trade-
off data that are collected in applied conjoint
studies.

2. The model should be able to consider not
only the impact of price changes on market share
but also the effect on share of non-price attribute
changes on the part of any or all competitors,

3. The model should be ubie to make market
share predictions at both the total market and
individual market segment levels.

4. The model should be capable of examining
interactions among different competitors’ prices
and non-price attribute levels.

5. The model should be *decomposable’™ in the
sense of allowing the client to focus attention un
the behavior of a singie product’s share as a
function of individual competitors” prices and
non-price activities.

6. The model should be capable of being cali-
brated to actual starting (i.c.. existing) market
shares and prices.

7. The model should contain an ‘optimizing
feature in which the user can find the best price
for a given product, conditional on fixed prices
for competitors and specified levels of all non-
price attributes, self and competitors.

8. The model should be flexible enough to
allow interpolation across discrete price points.

9. The mode! should be user friendly and, if
possible, adaptable to a personal computer.

With these desiderata in mind. we set about
the task of constructing a suitable data collection
method, parameter estimation technique. and
price optimizing routine.

1.2. Borrowing from the past

Fortunately, earlier work in componential seg-
mentation (Green, Krieger, and Zelnio, 1989) led
to the development of a conjoint model for fore-
casting buyers’ likelihoods of purchase from in-
formation about product attribute preferences
and buyer backgrounds (e.g., demographics, life
styles, current brand usage, etc.). The PROSIT
(PROduct SITuation) model contained a number
of relevant features for the current effort, namely
PROSIT’s ability to estifhate parameter values
for both product attributes and buyer attributes,
as well as selected two-way, within-set and be-
tween-set interactions.

Furthermore, PROSIT contained an optimiz-
ing feature wherein one could find the best prod-
uct profile for a given market segment or the best
segment for a given product.

In the PROSIT model, all parameters are esti-
mated as though each predictive variable is cate-
gorical (i.e., predictors are treated as dummy
variables in the spirit of conjoint analysis). The
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reespeme variable is univariate” - typically. a
bouvers subjective likelihood of choosing a spe-
cificmand or service supplier as a joint function
ofpperduct profiles (for that brand and competi-
tive brands) and respondent background vari-
Mes..

Hneontrast, our present problem emphasized
~ mmnumderlying continuous variable (i.c.. price) and
eutiled a “multivariate’ response. namely. the
mappsmdent’s subjective likelihood of choosing
cuediiof P products as a function of their product
attribmes, their prices. and the buver's back-
ground attributes. Still, the earlicr PROSIT model
scemad like a good place to start. On the plus
side it had been successfully applied in a variety
d! mdustrial applications (particularly in the
phamaceutical and computer industries) and had
direaty been adapted for interactive. personal
anmpmter applications.

2. Deisions, decisions

At this point we had a starting point for the
PRIx-DEMand model (PRIDEM). However. a
nundrer of decisions still had to be made on
admuing the PROSIT model for pricing and. in
pariualar. incorporating a multivariate response
vasirkle, PROSIT was estimated by OLS dummy
varde regression. lts optimizer cmployed a
heutstic for finding optimal combinations of
produst and /or segment attributc fevels from the
full Cartesian product set of attribute levels. In
commmast, our current interest centered on price
optimmzation, conditional on given scttings of all
other attributes. i

2.1. Handling the price attribute

Im keeping with conjoint methodology. it
scowmed appropriate to maintain the treatment of
aR astributes (including price) as categorical. en-
coded as dummy variables. From a pragmatic
viewpoint this would allow us to use a portion of
the same software already in place for fitting the
PROSIT model. Second. we could avail ourselves
of highly efficient. fractional factorial designs for
setting up the product and pricc stimulus design
that would estimate all main effects as well as
selected two-way interactions. Morcover. these
(orthogonal) designs are flexible enough to ac-
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commodate cnough price Ievels e.g.. five o nine
per brand) to approximate a conunuous part-
worth function rather closely.

Why not just sclect a polynomial (g,
quadratic) to represent part worths for the price
variable? One of the problems with this approach

-is that the resulting curve is sensitive to error. In

fact. it s possible that the fitted curve could
depart rather markedly from the actual responses
associated with the experimentally designed price
points. Clearly. with polvnomial fitting there is no
requirement that the curve "go through’ the re-
sponsc valuc observed at cach discrete experi-
mental price point.

In contrast, by using splines we could make
sure that the response function passed through
the knots (i.e.. price points). Furthermore., we
could make the function smooth between ecach
pair of knots so that simple (classical) methods of
optimization could be used to find the solution
that maximized the sponsor’s contribution to
overhead and profit (conditional on fixed prices
for competitive products).

Accordingly. we set up a computer routinc for
fitting one and two-dimensional splines where the
knots represented the discrete price levels used
in the original experimental design underlying the
competitive product profiles. The Appendix de-
scribes this procedure.

2.2. Making the model multivariate

‘A second problem with the adaptation of
PROSIT to PRIDEM was how to deal with the
multivariaic response variable. The PROSIT
model is fit by ANOVA-like, OLS regression. If
the original PROSIT responsc variable were
quantal (e.g., 1 or 0) or if the response werc each
respondent’s subjective likelihood of purchase on
a 0 to 1.0 scale, no attempt was made in PROSIT
to transform it to a logit (as was done in Maha-
jan, Green, and Goldberg, 1982).

Why not, then, set up a multinomial logit
model with brand and product interactions, rather
than fitting individual linear probability modcls
and then finding market shares on a post hoc
basis? We chose to maintain OLS fitting and the
linear probability model for two reasons. First.
the PROSIT model has a rather elaborate. built-in
cross validation feature which we wished to retain
for assessing the predictive accuracy of prices.
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market segments, and non-price attributes un a
single product’s likelihood of purchasec. This could
be applied to each product. in turn. as a way to
see if some part worth functions are poorly esti-
mated.

Second. despite the theoretical attractivencss
of the multinomial logit (see Mahajan. Green.
and Goldberg, 1982), we noted that Brodie and
De Kluyver (1984) have reported that linear

probability models, with ‘post hoc adjustment (to -

respect non-negativity and sum constraints). have
fared as well as the more complex multinomial
logit models in terms of empirical market share
- validation. (Still, it should be mentioned that the
current structure of PRIDEM could be reformu-
lated in terms of a multinomial logit.)
With these preliminary decisions made. it was
then time to formulate the model.

3. The PRIDEM model

To motivate our description of the PRIDEM
model, consider a situation in which a pharma-
ceutical firm wishes to increase the price of its

Uodelme compennz e pricing and marker vane

antihvpertensive drug. brand A. There ire five
other competing brands in the market niche of
interest to brand A's producers: B, C. D. E. and
F. The producers of brand A are able to estimate
per-unit variable production /distribution  costs
for each of the six competitive brands.

In designing the marketing research survey.
brand A's produccrs considered four price levels
cach for brands A. B and C. three levels cach for
D and E. and two levels for the more remote
competitor. brand F. In addition. they selected
one three-level non-price attribute describing
brand A’s dosage schedule: once datly, twice daily.
or three times daily.

A conjoint orthogonal design of 64 profile de-
scriptions was set up. Each respondent received
cight of the profile descriptions, drawn from the
master design. For each description the respon-
dent was asked to allocate 100 points across the
six competitive brands so as to reflect the propor-
tion of hypertensive patients for whom each drug
would be prescribed, under the stated conditions.
(Prior to this task each respondent similarly eval-
uated a base-case profilc showing the current
prices of each brand and brand A's current dosage
level of three times daily.) Figure 1 shows an

CARD D25 1.D.#
Current
Share * price per
of day’s 57 + 10% + 157
patients therapy
Brand A
dosage §1.97
twice /day
Brand B S18K )
Brand C ~ S22
Brand D S22y
i
Brand E | $2.09
' !
: 2 o
Brand F [ : 52409 H
| | |
Total 100%

Figure 1. llustrative stimulus card
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illustrative stimulus card for one of the experi-
mental conditions.

Respondents were classified. a priori. by five
segment attributes: specialty (cardiologists versus
general practitioners); age (under 35, 35 and
older); type of practice (solo versus group): cur-
rent brand favorite (brand A versus others). and
patient load, within specialty (above median ve:-
sus below median). !

3.1. Preliminaries

In describing the PRIDEM model more for-
mally, we first consider the question of estimating
the market shares for each brand. as a function of
manipulated product /price variables and respon-
dent characteristics. Market shares are assumed
to depend on three types of attributes: (a) market
segment attributes; (b) non-price (e.g.. product)
attributes: and (c) price attributes. We let

I

denote the number of levels associated with cach
of the § segment attributes. In the illustrative
problem these attributes describe the decision
makers, such as specialty (cardiologist. gencral

practitioner), age (age under 35, 35 and over), -

and so on.
Similzrly, we let

my,m,,....my

denote the number of levels associated with each
of the T non-price attributes. In the illustrative
problem there is only one non-price attribute:
dosage (once daily, twice daily, three times daily).

Finally, the market shares are also assumed to
depend on the brands’ prices. We assume R < P
price attributes; this allows for the case in which
a subset of size P~ R of the P brands does not
vary with respect to pricc. We let

n A NG

denote the number of levels of each of the R
price attributes. To simplify notation, we further
assume that the brands are ordered, so that brand
i refers to the brand whose price is varving in
price attribute i. Associated with each level of

' It should be noted that the approach does not require
segment atributes to be dichotomous: however, the model
implemented here assumes that all attributes are discrete.
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cach price attribute is an actual price (c.g.. m
dollars per dayv's therapy). Prices are denoted by:

1, r=1.2..... R:j=1.2..... n,.
We shall use i J. and & 10 subscript attribute
levels in general.

3.2, Segment components

The segment attributes arc used to define the
universe over which the market shares are com-
puted. We specify a segment by assigning selected
attribute levels to the S segment attributes. We
can combine segments by aggregation. More gen-
erally, we can construct any universe of interest
by a set of non-negative segment weights,

W, s=1.2..... S:j=1.2.....0.

¥

4
Yow,=1 fors=1.2.....§5.

=1

In particular. a given segment with levels
{f). i5,....0 ) is captured by sctting

w, =1 forj=1,2.....5

14,

- and

w,, =0: otherwise.

Through the use of weighting coefficients PRI-
DEM can select a specific weighted universe
across all attributes with (say) weights of 0.7 and
0.3 for cardiologist and GP, respectively, and
weights of 0.2 and 0.8 fer under 35 years and 35
years or older, respectively. Given the five two-
jevel background descriptors, described above, we
have a maximum of 32 distinct segments.

Later on, we shall describe how the ‘optimal’
price for each product is determined, given stated
prices for all other brands. The optimal price will
be defined by the value that maximizes contribu-
tion to overhead and profit, defined by the ex-
pression:

Industry sales units - (price — variable cost/unit
of brand p) - (market share of brand p).

(In applying the computer-based PRIDEM modcl.
industry sales are usually set, for convenience. at
1.0,
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3.3. Marker share model

Associated with cach brand p is an estimated
market share
frUkGow)
where k is a vector (of length R) of prices. f is a
vector (of length T) of levels for the non-price
attributes, and w is § vectors (of respective
lengths I}, [,,...,[5) denoting the universe of de-

~ cision makers (i.e., the physicians).

The function f!”' is obtained by first fitting a
main effects model to the raw response data (i.e.,
the likelihood of prescribing the p-th brand in
guestion) where the predictors are the § segment
attributes, the T non-price attributes, and the R
price attributes, all expressed as dummy vari-
ables. Selected two-way interactions arc then
added to the model in a sequential. stagewise
manner (Green and DeSarbo. 1979). As noted
above, interactions can be either within segment.
non-price, or price attributes, or betwcen scg-
ment, non-price, or price attributes.

The fitting of main cffects and interactions
yields a set of regression-based functions h'”.
p=12,.... P, one for each product. as a prelim-
inary step toward obtaining f'”). We first discuss
how each A'”' is obtained and then how it is
adjusted to find f‘”). The model is described, in
part, by its L interactions. As noted earlier, inter-
action /* can be of several differing types:

(q13, q)3) with gy 2 g,

We have the combinations as shown in Table 1.
Attribute levels with associated interaction [*
are denoted by (ue, u;q). For example, if g,, =
2, 9,3=3, u;; = 3, and u,, = 4, then the first in-
teraction is between the third non-price attribute
and the fourth price attribute. -
Describing the formal regression model for
estimating each individual product’s 4"} is a bit

Table }

ap q: Nature of interaction

1 1 Segment by segment attribute

1 2 Segment by non-price attribute

1 3 Segment by price attribute

2 2 Non-price by non-price attribute
hj 3 Non-price by price attribute

3 3 Price by price attribute

messy because of the large variety of possible
interaction terms. We define /™ as

. j.ok)
Ay T R
—_ Py o () (¥}
=AM Y B+ Y Cia Y DR
v | =1 re=|

+

!

ﬁ-;!;”(i. j.k:q,[v.(],:‘.ll,r.ll,:-) (l)
1

-

where

A'?) denotes the intercept term for product p's
function,

B}_{?,’ denotes the main effect partworth for
level i, of segment attribute s,

C/?’ denotes the main effect partworth for
level j, of non-price attribute .

D{%' denotes the main cffect partworth for
level k, of price attribute r, and

E{PNi. j ki qpp. @3 Wyp, uyy) is an entry in
the matrix associated with interaction /*. The
specific entry depends on i, j. k. g7, q;5: ;s and
-

3.4. Base-case calibration

To calibrate each individual brand model, we
adjust each /4'”’ obtained from the individual
product regressions to a base-case profile. This is
accomplished by finding A'®’ for this profile and
then multiplying all the parameters (A, B,
C, D, E) by b'”/h'" where b”' is the given
market share for the base-case profile.

Finally, we obtain the market share function
f'? from A'P’ by normalizing the individual A‘”
values by means of the function

T wi( i, j, k)
[k jow) = —5— ' "
Y [ Zw(h9G, J, k))

q=11 i

(2)

where (x)* = max(x, 0), w;=IT7_\w,, and h has
been previously adjusted to base-case market
shares, as described above. Note that if h'#
(i. j, kY=0 for all p, then f"! (k, j,w)=1/P.

3.5. Additional remarks

As noted earlier, we fit each A'?! regressior
function as a simple linear probability model in
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which predicted values need not obey a -1 range
constraint; simple OLS regression is emploved.
Similarly, f'”’ is obtained by a normalizing pro-
cedure which simply insures that all of the indi-
vidual AP’ predicted values are non-negative. (As
described earlier, other procedures. including
multinomial logit, could be used.)

- It should also be pointed out that the sequen-
tial fitting of two-way interactions requires that
attention be paid to the significance testing of
additional terms. This is implemented by proce-
dures described in Green and DeSarbo (1979). In
addition, each individual #‘”’ model is cross-
validated at each stage in the interaction fitting
procedure. Cross-validated predictions arc em-
ployed as the principal guide to the selection of
appropriate interaction terms, once the main ef-
fects have been fitted.

4. Price interpolation and optimization

There are two remaining aspects of the model
that are not explained fully by (1) for 4. (Since
the discussion below applies to all- p, we now
omit the superscript.) We first note from the
preceding discussion that market shares can only
be predicted at the price levels I1,; associated
with the -price attributes. It is desirable to be able
to interpolate, i.e., to predict market shares at
prices I1,, r=1,..., R, that arc not limited to the
original I ;. Second, we have not discussed how
to find the optimal prices 1*, r=1,....R.

4.1. Interpolation procedure

The solutions to both of these problems de-
pend upon the method of interpolation between
successive price levels 1, and JI,.,,. To this
end, we assume that the weightings over seg-
ments and levels for non-price attributes are fixed,
in_any given run of the model. The function, A,
can then be written as h([l,.... . I1,) where
II,,..., 1 denotes prices for the R price al-
tributes. Since we fit an additive model with
interactions, we can write.

R
nR) =4+ Z gr( ,Ir)

r=1

+ g0, 1) (3)

rey

n(rn,,...,
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where 4 includes the intercept. and the main
effects for segments and nonprice attributes and
interactions that do not involve price attributes:
g, includes the main effect for price attribute r
and all interactions involving the r-th price a-
tribute with a segment attribute or a non-price
attribute; g, refers to the intcraction between
the r-th and s-th price attributes (where g, =0 if
this interaction does not appear in the model).

The function /1 is R-dimensional with known
values on a lattice of points H,.r=1.... R.
i=1l... . We could fit a spline (Grcnllc 1969:
Rice, 1969) to h. treating the I1,; as the knots:
however, we would not be using all of the known
information. Since g, and g,, are known at /],
and (J1,,. 1) we can fit one and two-dimen-
sional splines respectively to these functions, thus
determining &. The Appendix describes how this
is done.

4.2. Finding the optimal value for price

From discussion in thc previous sections (and
the Appendix), we only need to consider II, be-
tween two knots. Hence,

X
neL) = Y B, ! for n,<n <m,.,
im0
where B, includes the assumed specified values.
for the prices of the remaining p — 1 products.
Hence, the market share for product p is
K .
Z Bpi”r‘
im0
M,= 55— (5)
E E Bu[Ir’
J=1i=0
and thc objective function, M, (17 C,). can be
written as: -

—

'Yn+'Y|nr+ :
S+ 6,11, + --

+7Anl\
+6,\I7A(n €.

(6)

It is straightforward to solve (6) when Z'(I1,) =0
which is an equation of order 2K. and compare
these results to the values at the knots.
In particular, if K = 1. then
(Y(I + Ylnr)( nr - Cr)
5(! + alnr ’

Z(n")=

Z(I1,)=
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Hence.
Z'(i,)

= ALYy = 2yl - Coyg) = (va = v LWL - €Y,

(8. =60, )
~u
-1 -h = “1h: — dac
-
where
a=v8,, b=2y,.

c= (70 = Cyy)8,+ Cr?’n“sl-

We find the two points such that Z'(f])=0
for 1T, <II,<II,;_, for j=0.1..... n—1. Fi-
nally, we comparc Z at thesc two points. pro-
vided that the points are in the appropriate

(1, 1,;_,) to determine [1*. '

rj

5. A real-world application

The PRIDEM mode! and decision support sys-
tem have been implemented on both the main
frame (Vax 8700) and the personal computer. A
number of industrial applications have been made
of PRIDEM over the past three years. We illus-
trate PRIDEM’s application with an actual in-
dustry example involving two pharmaceutical
companies’ pricing strategies in the marketing of
a diet supplement for use by hospital patients
who have trouble swallowing traditional food-
stuffs. (All data have been disguised to respect
sponsor confidentiality.)

S.1. Study background

For several years, only one pharmaceutical
firm, hereafter called Alpha, had been marketing
a special diet supplement for hospital patients
with esophagus ailments. The product was de-
signed for drinking (through a straw); it contained
a balanced set of nutrients. More recently. a
second firm, hereafter called Beta, had developed
its own diet supplement. Several of its product
properties differed from those of Alpha as well as
its marketing and pricing plans.

Modeling <ompennr e pricms and murker e

Prior to Beta's entn. Alpha’s ongoing price for
its diet supplement was S41 per dav per patient.
Beta believed thut Alpha’s short run monopoly
could be upset by penetration pricing: accord-
ingly. Beta introduced its product at only 838 per
individual per diy. The results were dramatic: in
wo vears. Beta had penetrated the market to
such an extent that the two firms® shares were
28% and 727. respectively. for Alpha and Beta.
At this point. Beta wondered whether its price
was ‘right’ (in the sense of optimizing its contri-
bution to overhead and profit) and what the
implications might be if Alpha were (o change its
still-current price of $41.

3.2, Designing the conjoint survey

A conjoint study was designed to obtain data
for use in the PRIDEM model. First. Beta per-
sonnel discussed possible non-price attributes that
could affect market shares independently (or pos-
sibly interactively with price). Four such at-
tributes were identified:

1. Packaging for Alpha: 4-ounce can (current)
versus 6-ounce can (prospective); Beta's dosage
was already at 6 ounces per can.

2. Extended contract price guarantee for Al-
pha: NO (current) versus YES (prospective); Beta
had no price guarantee.-

3. Concentration of amino acids for Beta: low
concentration (current) versus high concentration
(prospective); Alpha's concentration was already
slightly lower than Beta’s current concentration.

4. Educational aids for Beta: NO (current)
versus YES (prospective); Alpha already had ed-
ucational aids.

In addition to the non-price attributes, Beta’s
management considered several possibilities for
identifying market segments. Management scttled
on two primary segmenfation bases:

1. Type of respondent (i.e., as an influence on
which brand is purchased)

a. nurses.
b. doctors,
¢. hospital pharmacists. .
2. Size of hospital
a. Large (over 500 beds).
b. small (fewer than 500 beds).

Finally. Beta management estimated that vari-
able costs for producing and distributing the diet
supplement were about equal between the two
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firms; they estimated these costs at S19 per indi-
vidual per day.

A sample of 390 respondents was selected.
according to the two stratifying criteria (profes-
sion and hospital size). All interviews were con-
ducted by personal administration. following
pre-arranged appointments. Respondents  re-
ceived honoraria for their participation.

The conjoint portion of the interview was based
on a master orthogonal experimental design of 50
profile cards. Each profile card contained infor-
mation on brand names, non-price attribute lev-
els under each brand name, and prices per pa-
tient day. The prices were drawn from the follow-
ing sets:

I. Alpha - $43, $41 (current), $34, $28, $21.

2. Beta - $41, $38 (current), $34, $28, $21.

Each respondent first received a ‘base case’
profile card, followed by five cards (balanced with
respect to prices) from the overall orthogonal
design. For each card, the respondent was asked
to indicate what his/her recommendation would
be to purchasing agents responsible for choosing
the diet supplement supplier. Each respondent
was asked to split 100 points (constant sum scale)
between the two potential suppliers, reflecting
their likelihood of recommending each.

Other. background information, including the
hospital's current use of diet supplements. re-
spondent’s role in the contract decision process,
years of experience, ctc.. were also collected for
cross-tabulation with the conjoint results.

6. Running the PRIDEM program -

Figurc 2 shows a portion of the PRIDEM
computer run for the problem described above.
Illustratively, we input the basc-case prices (as a
control) and note, of course, the samec market
shares as originally read in (e.g., Alpha’s share is
0.28). We also obscrve that the contribution to
overhead and profit per patient day is $6.16 and
$13.68 for Alpha and Beta. respectively.

6.1. Orverall marker analvsis

We next consider alternative pricing strategies,
conditioned on the non-price attributes remain-
ing at their original (current) levels. Suppose we
wish to find Alpha’'s optimal price at base-case

Mudehng competttn ¢ pricinz and market share Bt

levels, We enter instructions accordingly and find
from Figure 2 that its optimal price is $36.19. a
decrease from its current level of S41. 1f Alpha
were 1o reduce its price. with no retaliation from
Beta. its share would increase ten percentage-
points (from a sharc of (.28 to (L38)
Overhead/profit  contribution would  increase
from S6.16 10 S6.33.

Next. we repeat the exercise for Beta. condi-
tional on no change in Alpha price from its status
quo of $41. In this case Beta’s optimum entails an
increase in its price to $41 (which then happens
to be at parity with Alpha). Beta's share would
decline from 0.72 to 0.65 but its contribution
would incrcase from $13.68 to $14.26. ©

Next, we consider a unilateral strategic change
by Beta — one that both improves its non-pricc
attribute levels (from their current levels to their
prospective levels) and decreases its price from
the original $38 level to $34. Given no retaliation
from Alpha, the net effect is to increase Beta's
share to (.868 and its contribution to $13.03.

What should Alpha do if Beta drops to S34
and improves its non-price attributes? Assuming
that Alpha's only short-run retaliation is price.
the PRIDEM model finds that it should lower
price from its starting level of $41 to $34 (at
parity with Beta's new price).

Next. we consider a case in which Alpha stays
at $41 but Beta really drives down its price (10
$28). Moreover, both firms improve their respec-
tive non-price attributes to level 2 (prospective
levels). The net effect of these actions is that
Beta’s share markedly increases 10 0.933 but its
contribution drops substantially (to $8.39).

6.2. Selected segment analysis

At this point we glect to stay with the same
non-price parameters as described immediately
above. But now we focus on a specific market
segmenting variable-tvne of respondent: nurses,
doctors, and pharmacists. PRIDEM shows that
the effects on Beta's share differ by segment:
0.892 (nurses), 0.921 (doctors). and 0.982 (phar-
macists). Their weighted average is 0.933, as noted
above for the total market analysis.

= To conserve on space. the analyses to follow are not shown
in Figure 2.
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RUN PRIDEM
INPUT THE NUMBER OF PRODUCTS
9
INPUT THE NO. OF SEG. PROD ‘PRICE. AND PRICE ATTRIBUTES
262
INPUT THE NO. OF LEVELS FOR SEGMENT ATTRIBUTES
32
INPUT THE NO. OF LEVELS FOR PRODUCT AND PRICE ATTRIBUTES
222255
INDICATE THE FILE WITH THE SEGMENT WEIGHTS
PRIDEM.WTS
INDICATE THE FILE WITH THE PRICE LEVELS
PRIDEM.PRI :
INPUT THE FILE NAME THAT DESCRIBES THE MODEL
ALPHA.INP :
INPUT 1 FOR TUKEY OR FOR TABLE
2 .
INDICATE THE NUMBER OF INTERACTION TERMS
4 :
INPUT THE FILE NAME THAT DESCRIBES THE MODEL
BETA.INP
INPUT 1 FOR TUKEY OR 2 FOR TABLE
2
INDICATE THE NUMBER OF INTERACTION TERMS
4
INPUT 1 IF THE PRICES ARE INCREASING, 0 IF DECREASING
0
INDICATE THE BASE-CASE MARKET SHARES
2872
INDICATE THE BASE-CASE PROD. NON-PRICE ATT. LEVELS
1111
INPUT THE BASE-CASE PRICES
41 38
INPUT THE VARIABLE COSTS PER PRODUCT
1919
INDICATE THE NEW-CASE NON-PRICE ATT. LEVELS
1111 .
INPUT THE NEW-CASE PRODUCT PRICES
41 38
INPUT 1 FOR OVERALL, 2 FOR ATTRIBUTE, OR 3 FOR DETAILED ANALYSIS
1
THE MARKET SHARES ARE: 0.280 0.720
THE PROFIT RETURNS ARE: 6.16 13.68
INPUT 1 FOR AN OPTIMAL PRICE ANALYSIS, ELSE 0
1

INPUT THE PRODUCT

1

THE OPTIMAL PRICE =36.187

THE MARKET SHARES ARE: 0.38 0.62

THE PROFIT RETURNS ARE: 6.536 11.775

INPUT 1 FOR AN OPTIMAL PRICE ANALYSIS. ELSE 0
1

INPUT THE PRODUCT

2

THE OPTIMAL PRICE =41.000

THE MARKET SHARES ARE: 0.35 0.65

THE PROFIT RETURNS ARE: 7.743 14.257

INPUT 1 FOR AN OPTIMAL PRICE ANALYSIS, ELSE 0
0

- Indtial purameter iputs

- Segment weights file
- File contaiming dollar price amounts

- laput parameters for Alpha

- Input parameters for Beta

- Initia) non-price attribute scttings
- Initial price settings
- Initial costs

- Base-case confirmation analvsis

- Total market analysis for base case

- Shares
- Contributions to overhead /profit

- Optimal Alphg price

conditioned on Beta’s price

Optimal Beta price
condiioned on Alpha’s price

Figure 2. Hustrative run of PRIDEM (Main-frame version)
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Table 2
Round Price
Alpha Beta
1} S41 S3N
1 S3h.1Y S3N
2 $36.19 S39.83

6.3. Weighted segment analvsis

To round out the discussion, we also consider
a weighted segment analysis for both type of
respondent and hospital size. lllustratively, we
assign weights of 0.5, 0.4, and 0.1 to nurses.
doctors, and pharmacists, respectively. We assign
weights of 0.8 and 0.2 to large and small hospi-
tals, respectively.

The net result of this parameter setting is a
Beta sharc of 0.909 and an associated contribu-
tion of $8.18. These outputs are each lower than
their total market counterparts. *

6.4. Dynamic changes

Up to this point, our PRIDEM illustration did
not explore sequential competitive retaliation. It
is, however, a simple matter to usc the program
in such a way that in Round 1 Alpha initiates
action; in Round 2 Beta answers in some fashion,
and so on.

By way of illustration, a sequence of actions
was implemented, based on starting conditions of
$41 (Alpha) and $38 (Beta) with all non-price
attributes at their current levels. We assume that
Alpha starts out as the price “leader,” Beta fol-
lows suit, and so on (and each trics to optimize its
contribution, conditional on the other’s prices).
For two such rounds, the results are as can be
scen in Table 2.

At the end of two rounds - initiation and
response - the prices are $36.19 and 39.83. with
shares (contributions) of (.43 (5§7.38) and (.57
(311.90) for Alpha and Beta, respectively. Of
course, given the ability of Alpha and Beta to
collude (if no external competitor were present
and if total demand were completely inclastic).

' By applying weights of 1 and 0, one can find results for each
of the six possible segment combinations of respondent
profession by hospital size.

Madcling compenn e pricmge and ek er hare o

they could drive up the prices as much as the
liked. (Hence. we do not consider further price
changing rounds for this example.)

The idea of an external competitor can bhe
incorporated into the PRIDEM model by includ-
ing a (P + 1kst product with fixed prices and
non-price attribute levels. and a starting share.
Then. il Alpha and Beta tried to drive up their
prices the external competitor would garner an
increasing share of the market.

7. What have we learned?

How did the study’s sponsor react to the PRI-
DEM model? As we have frequently found in
applied studies using the model. the sponsor ex-
plored the possibilities for non-price attribute
changes. In this example. Beta management
added a price guarantec and cducational aids.
These non-price changes were accompanied by a
Beta price increase o $41 (at parity with Alpha).
As of six months after Beta's changes, Alpha had
not retaliated with either non-price or price
changes. While we are not privy to the financial
consequences of Beta's strategy, to the best of
our knowledge market share remained relatively
stable over the six months' time period in ques-
tion.

To date, the PRIDEM model has been used
on several empirical applications, most frequently -
drawn from the pharmaceutical industry. The

" predictions made from the model have been.

cross-checked, where possible, with time-series
analyses of historical price changes. As is well
known, analyses of such ‘natural experiments’ are
fraught with difficulty. However, in the cases ana-
lyzed, the results have been roughly concordant
with those obtained-from the model.

The main advantages of the PRIDEM model
over that proposed by Mahajan, Green, and
Goldberg (1982) are twofold. First, market seg-
ment responses can be estimated by means of
main effects parameters and interactions with
price and non-price attribute levels. Second. the
present model solves for optimal prices. condi-
tioned on fixed levels for price and non-price
attributes of competitive products (using variablc
cost data estimated by the sponsoring firm's fi-
nancial department). Moreover, use of the model.
as a decision support system, is straightforwardly
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implemented by non-technical personnel on ei-
ther a main-frame of personal computer.

There are several limitations to the model. as
currently formulated and opcrationalized. First.
the model deals with aggregated responses, where
segment differences are measured by within- and
between-set interactions. As Moorc (1980) has
illustrated. researcher-selected segmenting vari-
ables may not adequately capture full individual
variation in attribute-level part worths. Second.
the model does not make allowance for lack of
respondent knowledge about actual prices; in
some cases the model could overstate price sensi-
tivity, since full comparative pricing information
is shown to the respondents. Third, while the
model can handle intra-product line pricing (in
terms of within-firm competition), it does not
consider joint production /distribution costs.

7.1. Action / reaction sequence

As briefly described earlier. PRIDEM enables
the user to examine action /reaction sequences.
albeit in a rather simple way that does not con-
sider changes in buyer preferences or other kinds
of new infcrmation that might be obtained be-
tween successive rounds.of price changes.

Theoretical work by Hauser and Shugan (1983).
Kumar and Sudharshan (1988) and Choi, De-
Sarbo, and Harker (1990) represent a very inter-
esting topic to pursue in tandem with the mea-
surement aspects of PRIDEM.

To date, management’s reaction to PRIDEMs
potential for formulating *dynamic’ {action /reac-
tion) strategies has becn less than enthusiastic. In
our experience managers arc much more con-
cerned with the interplay of non-price and pric-
ing strategies, with priority given to the former.
Bearing in mind that compctitive retaliation to
non-price actions is typically more difficult and
less immediate, this emphasis is understandable.

When managers do engage in action /reaction
gaming, their interest usually does not extend to
questions of long term cquilibria but. rather, is
focused on only two to three moves ahcad. Again.
we do not find these views naive and "myopic".
Managers typically lack information regarding
competitors’ costs. motivations and intentions:
moveover, they also facc questionable assump-

Modelms compeiine ¢ pricmz amd marhe? s,

tions regarding stability in buvers” perceptions
and hrand preferences over the time period un-
der study.

7.2 Conclusions

These are important caveats and represent op-
portunitics {or turther rescarch. * Hence. we con-
sider the model and its associated decision sup-
port system as an interim effort that can (and
should) be expanded. consistent with making sure
that future versions can be operationalized .in
terms of accessible buyer preferences and cost
data. If we have learned anything from the devel-
opment of PRIDEM. it is the important fact that
useful models must pay due attention to the kinds
of measurements and data inputs one hopes to be
able to obtain from the environment (c.g.. mar-
ketplace).

What has made PRIDEM work is the simple
fact that conjoint data can be obtained in reason-
ably realistic ways from prospective buyers. With-
out this measurement linkage (and at the back
end. a user-friendly computer system), PRIDEM
could have casily joined the ranks of a large array
of technically attractive models with few (or no)
users. :

Appendix

In this section we describe, in further detail,
the spline fitting procedure that cnabled us to
interpolate between the discrete price points uti-
lized in the experimental design.

A.l. Fitting one-dimensiounal splines -

Let g be a function of one variable. Assume
that we know the value of g at §,< - ¢,
(i.e., at n+ 1 knots). We want to interpolate to

find g(x) smoothly; Vx €[¢&,, £,]. We approxi-

mate g(x) by a p-dimensional polynomial in cach
interval [£_,. &) i=1..... n. Note that the

* For other illustrations of recent developments in pricing
- research. see DeSarbo et al. (1987). Nagle (1984). Rao
(1984). and Robinson and Lakhani (1975).
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meaning of the variables here (e.g.. p below) is
different from that used in the main text. That is.

P
g(x)= Y o, x/ forg  <x<g,.
j=0

Let g*) denote the k-th derivative of r. We
know g(¢,_,) and g(£): for smoothness we as-
sume that lim,,, g“¥x)=lim, ., g"“%x) for
k=1,...,p— 1. This gives us p + 1 hnear equa-
tions in p + 1 unknowns and hence a,.....q,,
are determined. Specifically, let ¢, =g(¢§,_)), ¢,
=g(¢) and t, =lim,,, g*x), k=1,...,p~

1. Let @; = (a;y....a,,) and
1 Sici &)
1 ‘El PR §ll’
x={0 1 pE!
_() 0 P,
Then,
r e
s
ax=1." |,
T ]
from which
B ry T
r, i
a=x"'| O
_"’_I—i

All we need to specify exogenously is g'"

(£y), ..., 8'77XE,).
Linear interpolation is a special case of the
above. Solving for (a,,,. a,;) vields

. = g(él) _g(-El—l)
" .fi_fl—l

and

o =8(&i-1) — &1,

o VPR

A.2. Fitting two-dimensional splines

Let g be a function of two variables. Assumce
that we know the value of g at the lattice of
points (£. §/). i=1..... m. j=1.....n. We want
to interpolate to find glx, y) smoothly for ail x
and y. £, <xv < ¢, and £, <y <€, We approxi-
mate g(x. v) by a polynomial in cach rectangle
i SXSELE Sy <. Thatis,

P r
g(x, v} = Z 2 a':jkl-"k}"
k=0 /=0
for§_,<x<¢ and §_, <y<¢].

In 2 manner similar to the one-dimensional case,
smoothness conditions and 1, =g(£,_,. §/_)), 1y
=glé & Lo=g(g, &), and ¢, =g(¢,. £])
determinc the a, ;. In particular, let p = 1. Then
8x, ¥) =, + a,jipX + @y + a;;xy. We
then have four linear equations in four unknowns
[

Ly = @ jy + “u‘m§.‘—  + aij(ll.Ej—l + auufi— lf,"- te
Iy =@+ a oy tagpé +anéi§,

g =0+ ;g€ + “mnf;'— 1 “'i,’nfff,'- 1

and

Ly = o + a0 + amé) +anéé

These four equations have the solution:
- Iy —Ho =ty +le
7110 [} v ' »
! &/ — &b — &k H &6

Lo—tgy —aynéi— (& —&i21)

Qi = £ ¢ ’
£i— 8
o= lm —a; o (& —€-))
Qi = £ —E_, '
i ZSi-
and

— - - ’ —_ ’
Qo0 = oy ai;'mfi—l 'Jijmfj—l “ijnfi-nfj—l-
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Appendix C
ILLLUSTRATIVE STIMULI CARDS




Coo1

-7
@)
) (3) Your Response:
) Anterior Card Available From SHARE OF
Plastic Teeth (1x6) LOCAL | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEINS | DEALER DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 19.44 Yes ~ No Yes
Dentsply BIOBLEND IPN 23.71 Yes No Yes
Dentsply CLASSIC 3.90 Yes No Yes
Dentsply PORTRAIT IPN 26.28 Yes No Yes
Dentsply TRUBLEND SLM 2222 Yes No Yes
Ivoclar SR VIVODENT PE 20.04 Yes No Yes
Justi BLEND 12.84 Yes Yes Yes
Kenson RESIN 375 Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 15.96 No "~ Yes Yes
Universal VERILUX 26.84 Yes Yes No
Vita VITAPAN 29.01 Yes Yes No
- Total = 100 points

8-10

113

14-16

1719

20-22

2328

2628

29-31

3234

3537

340



C002

-7
“4)
(2) 3) Your Response:
(N Anterior Card ' Available From SHARE OF
Plastic Teeth (1x6) LOCAL | | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEIN S | DEALER DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 21.76 No Yes No
Dentsply BIOBLEND IPN 21.07 No Yes No
Dentsply CLASSIC 3.90 No Yes No
Dentsply PORTRAIT IPN 26.28 No Yes No
| Dentsply TRUBLEND SLM 22.22 No Yes No
Ivoclar SR VIVODENT PE 20.04 Yes Yes Yes
Justi BLEND 12.84 Yes Yes Yes
Kenson RESIN 375 Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 15.96 No No Yes
Universal VERILUX 19.52 Yes No No
Vita VITAPAN 23.21 Yes No Yes
Total = 100 points

210

11-13

14-16

17-19

20-22

2328

26-2%

9

32.34

35.37

3840
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-7
. )
(2) 3) “Your Response:
¢)) Anterior Card Available From SHARE OF
Plastic Teeth (1x6) LOCAL | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEINS | DEALER | DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 26.60 Yes Yes No
Dentsply BIOBLEND IPN 28.97 Yes Yes No
Dentsply CLASSIC 3.90 Yes Yes No
Dentsply PORTRAIT IPN 23.65 Yes Yes No
Dentsply TRUBLEND SLM 30.56 Yes Yes No
Ivoclar SR VIVODENT PE 22,55 Yes No No
Justi BLEND 12.84 [ Yes Yes Yes
Kenson RESIN 375 ( Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 19.95 Yes No No
Universal VERILUX 26.84 No . Yes Yes
Vita VITAPAN 23.21 Yes No No
Total = 100 points

810

.13
1416
1719
20-22
2328

26-2¢

2931

3234

3537

2



C004

-7
4)
(2) (3) Your Response:
) Anterior Card Available From SHARE OF
Plastic Teeth (1x6) LOCAL , | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEINS | DEALER DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 19.44 Yes No No
Dentsply BIOBLEND IPN 23.71 Yes No No
Dentsply CLASSIC 3.90 Yes No No
Dentsply PORTRAIT IPN 23.65 Yes No No
Dentsply TRUBLEND SLM 25.00 Yes No No
Ivoclar SR VIVODENT PE 25.05 No Yes Yes
Justi BLEND 12.84 Yes Yes Yes
Kenson RESIN 375 § Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 1995 ¢ No No Yes
Universal VERILUX . 21.96 No Yes - No
Vita VITAPAN 26.11 No No Yes
Total = 100 points

810

14-16

1719

20-22

2323

2628

29-31

3234

3537

2.4



Co0s

5.7
. )
2) 3) Your Response:
4)) Anterior Card ’ Available From SHARE OF
Plastic Teeth (1x6) LOCAL | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEINS | DEALER DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 24.18 No Yes Yes
Dentsply BIOBLEND IPN 21.07 No Yes Yes
Dentsply CLASSIC 3.90 No Yes Yes
Dentsply PORTRAIT IPN 21.02 No Yes Yes
Dentsply TRUBLEND SLM 25.00 No Yes Yes
Ivoclar SR VIVODENT PE 22.55 No Yes No
Justi BLEND 12.84 Yes Yes Yes
Kenson RESIN 3.75 Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 21,95 No Yes No
Universal VERILUX . 24.40 Yes No Yes
Vita VITAPAN 31.91 No Yes No
Total = 100 points

810

11-13
14-16
17-19
20.22
23-28
26-28
i9-3l
2
3537

3s40



C006

5.7
, 4
(2) (3) Your Response:
() Anterior Card Available From SHARE OF
Plastic Teeth (1x6) LOCAL | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEINS | DEALER DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 21.76 Yes Yes Yes
Dentsply BIOBLEND IPN 26.34 Yes Yes Yes
Dentsply CLASSIC 3.90 Yes Yes Yes
Dentsply PORTRAIT IPN 28.91 Yes Yes Yes
Dentsply TRUBLEND SLM 27.78 Yes Yes Yes
Ivoclar SR VIVODENT PE 27.56 No No Yes
Justi BLEND 12.834 Yes Yes Yes
Kenson RESIN 3.75 Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 17.96 Yes No Yes
Universal VERILUX . 24 .40 Yes Yes Yes
Vita VITAPAN 29.01 No Yes Yes
Total = 100 points

810

11-13

14-16

17-19

20-22

123

26-18

2931

3234

3537

3340



Co007

5.7
| 4
(2) 3) Your Response:
(n Anterior Card ’ Available From SHARE OF
Plastic Teeth (1x6) LOCAL | MAIL-ORDER | MANUFACTURER | PURCHASES
BRAND/LINE PRICEINS | DEALER DEALER DIRECTLY (PERCENT)
Dentsply BIOFORM IPN 2418 No No Yes
Dentsply BIOBLEND IPN 26.34 No No Yes
Dentsply CLASSIC 3.90 No No Yes
Dentsply PORTRAIT IPN 21.02 No No Yes
Dentsply TRUBLEND SLM 30.56 No No Yes
Ivoclar SR VIVODENT PE 25.05 Yes Yes No
Justi BLEND 12.84 Yes Yes Yes
Kenson RESIN 3.75 Yes Yes Yes
Myerson DURABLEND SPECIAL RESIN 17.96 Yes Yes No
Universal VERILUX . 19.52 Yes No Yes
Vita VITAPAN 26.11 Yes Yes Yes
" Total = 100 points

810

11-13

14-16

17-19

20-22

2328

26-28

2931

32-34

3537

3340



